Key Vocabulary
Each day statistics are reported in the newspapers, in magazines, on television, and on the radio. These data involve business, government, ecology, sports, and many other topics. A basic knowledge of statistics allows you to interpret what you hear and read in the media. One important tool to help you understand the significance of a set of data is the box-and-whisker plot. You will draw and use a box-and-whisker plot for data involving NASCAR racing in • Lesson 13-1 Identify various sampling techniques.
• Lesson 13-2 Solve problems by adding or subtracting matrices or by multiplying by a scalar.
• Lesson 13-3 Interpret data displayed in histograms.
• Lesson 13-4 Find the range, quartiles, and interquartile range of a set of data.
• Lesson 13-5 Organize and use data in box-and-whisker plots.
Prerequisite Skills To be successful in this chapter, you'll need to master these skills and be able to apply them in problem-solving situations. Review these skills before beginning Chapter 13.
For Lesson 13-1 Use Logical Reasoning
Find a counterexample for each statement. (For review, 1. If a ϩ b ϭ c, then a Ͻ c.
2.
If a flower is a rose, then it is red.
3. If Tara obeys the speed limit, then she will drive 45 miles per hour or less.
4.
If a number is even, then it is divisible by 4.
For Lesson 13-4 Find the Median
Find the median for each set of data. (For review, see pages 818 and 819.) 5. 1, 7, 9, 15, 25, 59, 63 6. 0, 10, 2, 2, 9, 5, 4, 2, 8, 3, 8, 7, 3 7. 726, 411, 407, 407, 395, 355, 317, 235, 218, 211 
For Lesson 13-5 Graph Numbers on a Number Line
Graph each set of numbers on a number line. (For review, 8. {7, 9, 10, 13, 14} 9. {15, 17.5, 19, 20.5, 23} 10. {3.2, 4.8, 5.0, 5.7, 6.1} 11. {2.3, 2.8, 3.1, 3.7, 4 .5}
Stack Pages
Crease and Staple
Fold Up Bottom Edges

Turn and Label
Vocabulary
• 
Stratified
In a stratified random sample, the The students in a school are divided into freshman,
Random
population is first divided into similar, sophomores, juniors, and seniors. Then two students Sample nonoverlapping groups. A simple random are randomly selected from each group of students. sample is then selected from each group.
Systematic
In a systematic random sample, Every 2 minutes, an item is pulled off the assembly line.
Random the items are selected according or
Sample to a specified time or item interval. Every twentieth item is pulled off the assembly line.
SAMPLING TECHNIQUES When you wish to make an investigation, there are four ways that you can collect data.
• published data Use data that are already in a source like a newspaper or book.
• observational study Watch naturally occurring events and record the results.
• experiment Conduct an experiment and record the results.
• survey Ask questions of a group of people and record the results.
When performing an experiment or taking a survey, researchers often choose a sample. A is some portion of a larger group, called the , selected to represent that group. If all of the units within a population are included, it is called a . Sample data are often used to estimate a characteristic within an entire population, such as voting preferences prior to elections.
A of a population is selected so that it is representative of the entire population. The sample is chosen without any preference. There are several ways to pick a random sample. • Recognize a biased sample.
Manufacturing music CDs involves burning, or recording, copies from a master. However, not every burn is successful. It is costly and time-consuming to check every CD that is burned. Therefore, in order to monitor production, some CDs are picked at random and checked for defects.
SCHOOL
To determine who will speak for her class at the school board meeting, Ms. Finchie used the numbers appearing next to her students' names in her grade book. She writes each of the numbers on an identical piece of paper and shuffles the pieces of papers in a box. Without seeing the contents of the box, one student draws 3 pieces of paper from the box. The students whose numbers match the numbers chosen will speak for the class.
14. FARMING An 8-ounce jar was filled with corn from a storage silo by dipping the jar into the pile of corn. The corn in the jar was then analyzed for moisture content.
15.
COURT The gender makeup of district court judges in the United States is to be estimated from a sample. All judges are grouped geographically by federal reserve districts. Within each of the 11 federal reserve districts, all judges' names are assigned a distinct random number. In each district, the numbers are then listed in order. A number between 1 and 20 inclusive is selected at random, and the judge with that number is selected. Then every 20th name after the first selected number is also included in the sample.
16. TELEVISION A television station asks its viewers to share their opinions about a proposed golf course to be built just outside the city limits. Viewers can call one of two 900-numbers. One number represents a "yes" vote, and the other number represents a "no" vote.
GOVERNMENT To discuss leadership issues shared by all United States
Senators, the President asks 4 of his closest colleagues in the Senate to meet with him.
FOOD
To sample the quality of the Bing cherries throughout the produce department, the produce manager picks up a handful of cherries from the edge of one case and checks to see if these cherries are spoiled.
19
. MANUFACTURING During the manufacture of high-definition televisions, units are checked for defects. Within the first 10 minutes of a work shift, a television is randomly chosen from the line of completed sets. For the rest of the shift, every 15th television on the line is checked for defects.
Homework Help
For See Exercises Examples
8-28
1-4
Extra Practice
See page 849.
Food
Michigan leads the nation in cherry production by growing about 219 million pounds of cherries per year.
Identify each sample, suggest a population from which it was selected, and state whether it is unbiased (random) or biased. If unbiased, classify the sample as simple, stratified, or systematic. If biased, classify as convenience or voluntary response.
BUSINESS
To get reaction about a benefits package, a company uses a computer program to randomly pick one person from each of its departments.
MOVIES
A magazine is trying to determine the most popular actor of the year. It asks its readers to mail the name of their favorite actor to the magazine's office. 28. MANUFACTURING Suppose you want to know whether the infant car seats manufactured by your company meet the government standards for safety. Describe an unbiased way to determine whether the seats meet the standards.
COLLEGE
CRITICAL THINKING
The following is a proposal for surveying a stratified random sample of the student body. 
Standardized Test Practice
Maintain Your Skills Maintain Your Skills
30.
Answer the question that was posed at the beginning of the lesson.
Why is sampling important in manufacturing?
Include the following in your answer:
• an unbiased way to pick which CDs to check, and • a biased way to pick which CDs to check.
31.
To predict the candidate who will win the seat in city council, which method would give the newspaper the most accurate result?
Ask every 5th person that passes a reporter in the mall. Use a list of registered voters and call every 20th person. Publish a survey and ask readers to reply. Ask reporters at the newspaper.
32.
A cookie manufacturer plans to make a new type of cookie and wants to know if people will buy these cookies. For accurate results, which method should they use?
Ask visitors to their factory to evaluate the cookie. Place a sample of the new cookie with their other cookies, and ask people to answer a questionnaire about the cookie. Take samples to a school, and ask students to raise their hands if they like the cookie. Divide the United States into 6 regions. Then pick 3 cities in each region at random, and conduct a taste test in each of the 18 cities. 
35.
Simplify. 36. 37. 38.
GEOMETRY What is the perimeter of ᭝ABC?
( Solve each equation by using the Quadratic Formula. Approximate any irrational roots to the nearest tenth. 40. x 2 Ϫ 6x Ϫ 40 ϭ 0 41. 6b 2 ϩ 15 ϭ Ϫ19b 42. 2d 2 ϭ 9d ϩ 3
Find each product. 43. (y ϩ 5)(y ϩ 7) not be required to pay the same sales tax for purchases made over the Internet that they would if they had bought the item in person at a local store?
Mixed Review
Getting Ready for the Next Lesson
Notice the difference in Questions 1 and 2. Question 2 includes more information. Pointing out that customers pay sales tax for items bought at a local store may give the people answering the survey a reason to answer "yes." Asking the question in that way probably led people to answer the way they did.
Because they are random samples, the results of both of these surveys are accurate. However, the results could be used in a misleading way by someone with an interest in the issue. For example, an Internet retailer would prefer to state the results of Question 1. Be sure to think about survey questions carefully to make sure that you interpret the results correctly.
Reading to Learn
For Exercises 1-2, tell whether each question is likely to bias the results. Explain your reasoning. 1. On a survey on environmental issues: a. "Due to diminishing resources, should a law be made to require recycling?" b. "Should the government require citizens to participate in recycling efforts?" 2. On a survey on education:
a. "Should schools fund extracurricular sports programs?" b. "The budget of the River Valley School District is short of funds. Should taxes be raised in order for the district to fund extracurricular sports programs?" 3. Suppose you want to determine whether to serve hamburgers or pizza at the class party. a. Write a survey question that would likely produce biased results. b. Write a survey question that would likely produce unbiased results.
Survey Questions
Yes
38%
No 52% 
΄ ΅
This matrix has 1 row and 3 columns. Therefore, it is a This matrix has 3 rows and 1-by-3 matrix.
2 columns. Therefore, it is a The circled element is in 3-by-2 matrix. the first row and the second The circled element is in the column.
third row and the first column. Example 1 Example 1
• Organize data in matrices.
• Solve problems by adding or subtracting matrices or by multiplying by a scalar.
are matrices used to organize data? are matrices used to organize data? B747-100 DC-10-10 A300-600
Aircraft
MD-11
To determine the best type of aircraft to use for certain flights, the management of an airline company considers the following aircraft operating statistics.
The Two matrices are equal only if they have the same dimensions and each element of one matrix is equal to the corresponding element in the other matrix. 
25.
Create a 2-by-3 matrix with 2 in the first row and first column and 5 in the second row and second column. The rest of the elements should be ones.
26.
Create a 3-by-2 matrix with 8 in the second row and second column and 4 in the third row and second column. The rest of the elements should be zeros. 
40.
Suppose Lakeisha has two fish sticks for lunch. Write a matrix representing the nutritional value of the fish sticks.
41.
Suppose Lakeisha has two fish sticks, a cup of vegetable soup, a 12-ounce soft drink, and a chocolate chip cookie. Write a matrix representing the nutritional value of her lunch.
FUND-RAISING For Exercises 42-44
, use the table that shows the last year's sales of T-shirts for the student council fund-raiser.
42.
Create a matrix to show the number of T-shirts sold last year according to size and color. Label this matrix N.
43.
The student council anticipates a 20% increase in T-shirt sales this year. What value of the scalar r should be used so that rN results in a matrix that estimates the number of each size and color T-shirts needed this year?
44.
Calculate rN, rounding appropriately, to show estimates for this year's sales. www.algebra1.com/self_check_quiz 
What does matrix T represent?
49. CRITICAL THINKING Suppose M and N are each 3-by-3 matrices. Determine whether each statement is sometimes, always, or never true.
50.
How are matrices used to organize data?
• a comparison of a table and a matrix, and • description of some real-world data that could be organized in a matrix.
Which of the following is equal to
52. Suppose M and N are each 2-by-2 matrices. If M ϩ N ϭ M, which of the following is true? Identify each sample, suggest a population from which it was selected, and state whether it is unbiased (random) or biased. If unbiased, classify the sample as simple, stratified, or systematic. If biased, classify as convenience or voluntary response. 1. Every other household in a neighborhood is surveyed to determine how to improve the neighborhood park.
2.
Every other household in a neighborhood is surveyed to determine the favorite candidate for the state's governor.
Find each sum, difference, or product. 
Maintain Your Skills Maintain Your Skills
MATRIX OPERATIONS You can use a graphing calculator to perform matrix operations. Use the EDIT command on the MATRX menu of a TI-83 Plus to enter each of the following matrices.
Use these stored matrices to find each sum, difference, or product. 
Find the nth term of each geometric sequence. 63. a 1 ϭ 4, n ϭ 5, r ϭ 3 64. a 1 ϭ Ϫ2, n ϭ 3, r ϭ 7 65. a 1 ϭ 4, n ϭ 5, r ϭ Ϫ2 -9.) 69. Describe what is happening to Megan's bank balance. Give possible reasons why the graph rises and falls at particular points.
70.
Describe the elements in the domain and range. • Interpret data displayed in histograms.
Megan's Savings Account
• Display data in histograms.
A shows the frequency of events. The frequency table below shows the number of states with the mean SAT verbal and mathematics scores in each score interval. The data are from the 1999-2000 school year.
The distribution of the mean scores on the SAT verbal exam is displayed in the graph. There are seven classes on the histogram. Note that although 45-50 has a frequency of 0, it is a measurement class.
The width of each measurement class is 5 points. A histogram is a visual summary of a frequency table.
www.algebra1.com/extra_examples
Determine Information from a Histogram
GEOGRAPHY Answer each question about the histogram shown below.
a. In what measurement class does the median occur?
First, add the frequencies to determine the number of counties in Maine. 7 ϩ 4 ϩ 3 ϩ 1 ϩ 0 ϩ 1 ϭ 16 There are 16 counties, so the middle data value is between the 8th and 9th data values. Both the 8th and 9th data values are located in the 50-100 thousand measurement class. Therefore, the median occurs in the 50-100 thousand measurement class.
b. Describe the distribution of the data.
• Only two counties have populations above 150 thousand. It is likely that these counties contain the largest cities in Maine.
• There is a gap in the 200-250 thousand measurement class.
• Most of the counties have populations below 150 thousand.
• As population increases, the histogram shows that the number of counties decreases. We say that the distribution is skewed, or pulled in one direction away from the center. This distribution is skewed to the left because the majority of the data are located at the low end of the scale. Step 1 Identify the greatest and least values in the data set. The test scores range from 22 to 47 points.
Step 2 Create measurement classes of equal width. For these data, use measurement classes from 20 to 50 with a 5-point interval for each class.
Step 3 Create a frequency table using the measurement classes.
Step 4 Draw the histogram. Use the measurement classes to determine the scale for the horizontal axis and the frequency values to determine the scale for the vertical axis. For each measurement class, draw a rectangle as wide as the measurement class and as tall as the frequency for the class. Label the axes and include a descriptive title for the histogram. 
Mathematics Test Scores
Frequency
Read the Test Item You have two histograms depicting the heights of two groups of students. You are asked to determine which group of students has a greater median height.
Solve the Test Item
Study the histograms carefully. The measurement classes and the frequency scales are the same for each histogram. The distribution for Group A is somewhat symmetrical in shape, while the distribution for Group B is skewed to the right. This would indicate that Group B has the greater median height. To check this assumption, locate the measurement class of each median.
Group A Group B 4 ϩ 6 ϩ 8 ϩ 5 ϩ 4 ϩ 1 ϭ 28 2 ϩ 3 ϩ 5 ϩ 6 ϩ 8 ϩ 7 ϭ 31 The median is between the 14th and
The median is the 16th data value. 15th data values. The median is in the The median is in the 150-160 140-150 measurement class. measurement class.
This confirms that Group B has the greater median height. The answer is B.
Test-Taking Tip
When answering a test question involving a graph, always read the labels on the graph carefully. 
TEACHING TIP
4.
In what measurement class does the median occur?
5.
Describe the distribution of the data.
SCHOOL For Exercises 6 and 7, use the following histograms.
6. Compare the medians of the two data sets.
7.
Compare and describe the overall shape of each distribution of data. 
AIR TRAVEL
Extra Practice
See page 850.
For each histogram, answer the following.
• In what measurement class does the median occur?
• Describe the distribution of the data.
11.
For each pair of histograms, answer the following.
• Compare the medians of the two data sets.
• Compare and describe the overall shape of each distribution of data.
12.
13.
Source: The World Almanac Create a histogram to represent each data set.
14. Students' semester averages in a mathematics class: 96.53, 95.96, 94.25, 93.58, 91.91, 90.33, 90.27, 90.11, 89.30, 89.06, 88.33, 88.30, 87.43, 86.67, 86.31, 84.21, 83.53, 82.30, 78.71, 77.51, 73.83 15. Number of raisins found in a snack-size box: 54, 59, 55, 109, 97, 59, 102, 68, 104, 63, 101, 59, 59, 96, 58, 57, 63, 57, 94, 61, 104, 62, 58, 59, 102, 60, 54, 58, 53 26. 5, 5, 6, 7, 9, 4, 10, 12, 13, 8, 15, 16, 13, 8 27. 12, 14, 25, 30, 11, 35, 41, 47, 13, 18, 58, 59, 42, 13, 18 28. 124, 83, 81, 130, 111, 92, 178, 179, 134, 92, 133, 145, 180, 144 29. 2.2, 2.4, 7.5, 9.1, 3.4, 5.1, 6.3, 1.8, 2.8, 3.7, 8.6, 9.5, 3.6, 3.7, 5.0 Make a scatter plot.
• Enter the fertilizer in L1 and the height in L2.
KEYSTROKES: Review entering a list on page 204.
• Use STAT PLOT to graph the scatter plot.
KEYSTROKES: Review statistical plots on page 204. Use 9 to graph.
The graph appears to be a quadratic regression.
Find the quadratic regression equation.
• Select QuadReg on the CALC menu.
KEYSTROKES:
5
The equation is about y ϭ Ϫ0.0008x 2 ϩ 0.1x ϩ 6.3.
R 2 is the . The closer R 2 is to 1, the better the model. To choose a quadratic or exponential model, fit both and use the one with the R 2 value closer to 1.
coefficient of determination
The equation is in the form y ϭ ax 2 ϩ bx ϩ c. 
ENTER STAT STAT
[
Graphing Calculator Investigation Graphing Calculator Investigation
Exercises
Plot each set of data points. Determine whether to use a linear, quadratic, or exponential regression equation. State the coefficient of determination.
1.
2.
4.
TECHNOLOGY The cost of cellular phone use is expected to decrease. For Exercises 5 -9, use the graph at the right.
5.
Make a scatter plot of the data.
6.
Find an appropriate regression equation, and state the coefficient of determination.
Use the regression equation to predict the expected cost in 2004.
8. Do you believe that your regression equation is appropriate for a year beyond the range of data, such as 2020? Explain.
9.
What model may be more appropriate for predicting cost beyond 2003? Graph the quadratic regression equation.
• Copy the equation to the Yϭ list and graph.
KEYSTROKES:
9
Predict using the equation.
• Find the amount of fertilizer that produces the maximum gain in height.
On average, about 55 milligrams of the fertilizer produces the maximum gain. Find the Range 
Definition of Range
The range of a set of data is the difference between the greatest and the least values of the set.
The mean, median, and mode describe the central tendency of a set of data. The range of a set of data is a measure of the spread of the data. Measures that describe the spread of the values in a set of data are called .
measures of variation
RANGE
The difference between the greatest and the least monthly high temperatures is called the of the temperatures. range
Look Back
To review mean, median, and mode, see pages 818 and 819. 
Study Tip
Tampa Average Monthly High Temperatures (°F)
• Find the range of a set of data.
• Find the quartiles and interquartile range of a set of data.
The average monthly temperatures for three U.S. cities are given. Which city shows the greatest change in monthly highs? To answer this question, find the difference between the greatest and least values in each data set.
Buffalo:
80.2 Ϫ 30.2 ϭ 50.0 Honolulu: 88.7 Ϫ 80.1 ϭ 8.6 Tampa:
90.2 Ϫ 69.8 ϭ 20.4
Buffalo shows the greatest change.
Reading Math
The abbreviations LQ and UQ are often used to represent the lower quartile and upper quartile, respectively.
Study Tip
Definition of Interquartile Range
The difference between the upper quartile and the lower quartile of a set of data is called the interquartile range. It represents the middle half, or 50%, of the data in the set.
QUARTILES AND INTERQUARTILE RANGE
In a set of data, the are values that separate the data into four equal subsets, each containing one fourth of the data. Statisticians often use Q 1 , Q 2 , and Q 3 to represent the three quartiles. Remember that the median separates the data into two equal parts. Q 2 is the median. Q 1 is the . It divides the lower half of the data into two equal parts. Likewise Q 3 is the . It divides the upper half of the data into two equal parts. The difference between the upper and lower quartiles is the (IQR). 
Plan
First, list the areas from least to greatest. Then find the median of the data. The median will divide the data into two sets of data. To find the upper and lower quartiles, find the median of each of these sets of data. Finally, subtract the lower quartile from the upper quartile to find the interquartile range.
Solve median 2 2 6 9 9 11 12 32 43 46 54 54 59
The median is 12 thousand square miles.
The lower quartile is 7.5 thousand square miles, and the upper quartile is 50 thousand square miles.
The interquartile range is 50 Ϫ 7.5 or 42.5 thousand square miles. In a set of data, a value that is much less or much greater than the rest of the data is called an . An outlier is defined as any element of a set of data that is at least 1.5 interquartile ranges less than the lower quartile or greater than the upper quartile.
IQR ϭ 13 Ϫ 9 or 4 Q 1 Q 2 Q 3 1 8 9 10 10 11 12 13 13 15 27
9 Ϫ 1.5(4) ϭ 3 1 3 ϩ 1.5(4) ϭ 19 outlier outlier outlier www.algebra1.com/extra_examples Examine Check to make sure that the numbers are listed in order. Since 7.5, 12, and 50 divide the data into four equal parts, the lower quartile, median, and upper quartile are correct.
Example 3 Example 3
Concept Check 1. OPEN ENDED Find a counterexample for the following statement.
If the range of data set 1 is greater than the range of data set 2, then the interquartile range of data set 1 will be greater than the interquartile range of data set 2.
Describe how the mean is affected by an outlier.
3. FIND THE ERROR Alonso and Sonia are finding the range of this set of data: 28, 30, 32, 36, 40, 41, 43. Who is correct? Explain your reasoning.
Sonia
The range is all numbers between 28 and 43, inclusive.
Alonso
-28 = 15
The range is 15.
Look Back
To review stem-and-leaf plots, see Lesson 2-5.
Study Tip
Identify Outliers
Identify any outliers in the following set of data. Stem Leaf 1 [2 2 7 2 3 3 3 4 4 5 6] [6 8 8 9 3 0 1 4 6 4 0 6] 12 ϭ 12
Step 1 Find the quartiles.
The brackets group the values in the lower half and the values in the upper half. The boxes are used to find the lower quartile and the upper quartile. Step 2 Find the interquartile range.
The interquartile range is 30.5 Ϫ 23 or 7.5.
Step 3 Find the outliers, if any.
An outlier must be 1.5(7.5) less than the lower quartile, 23, or 1.5(7.5) greater than the upper quartile, 30.5.
23 Ϫ 1.5(7.5) ϭ 11.75 30.5 ϩ 1.5(7.5) ϭ 41.75
There are no values less than 11.75. Since 46 Ͼ 41.75, 46 is the only outlier. 11. 85, 77, 58, 69, 62, 73, 55, 82, 67, 77, 59, 92, 75 12. 28, 42, 37, 31, 34, 29, 44, 28, 38, 40, 39, 42, 30 13. 30.8, 29.9, 30.0, 31.0, 30.1, 30.5, 30.7, 31 Stem Leaf 5 0 3 7 9 6 1 3 4 5 5 6 7 1 5 6 6 9 8 1 2 3 5 8 9 2 5 6 9 10 11 7 50 ϭ 5.0 Stem Leaf 0 0 2 3 1 1 7 9 2 2 3 5 6 3 3 4 4 5 9 4 0 7 8 8 5 6 8 02 ϭ 0.2 Stem Leaf 5 3 6 8 6 5 8 7 0 3 7 7 9 8 1 4 8 8 9 9 9 53 ϭ 53 Find the range, median, lower quartile, upper quartile, and interquartile range of each set of data. Identify any outliers. 4. 85, 77, 58, 69, 62, 73, 25, 82, 67, 77, 59, 75, 69, 76 
What is the range of the data?
7. What is the median of the data?
What is the lower quartile and upper quartile of the data?
9. What is the interquartile range of the data?
10. Name any outliers. 
22.
What is the interquartile range of the data?
23. Name any outliers.
NUTRITION For Exercises 24-28, use the following table.
Source: Vitality
24.
What is the range of the data? 25. What is the median of the data?
26.
What are the lower quartile and the upper quartile of the data?
27.
28. Identify any outliers.
BRIDGES For Exercises 29-33, use the following information and the double stem-and-leaf plot at the right.
The main span of cable-stayed bridges and of steel-arch bridges in the United States are given in the stem-and-leaf plot.
29.
Find the ranges for each type of bridge.
30.
Find the quartiles for each type of bridge.
31.
Find the interquartile ranges for each type of bridge.
Identify any outliers.
33.
Compare the ranges and interquartile ranges of the two types of bridges. What can you conclude from these statistics?
www.algebra1.com/self_check_quiz Cable-Stayed Stem Steel-Arch 
4.
Find the median, the lower quartile, the upper quartile, and interquartile range of the data.
5.
Identify any outliers of the data.
Lessons 13-3 and 13-4
Monday Book Sales at Brown's Department Store He then calculated the range, median, lower quartile, upper quartile, and interquartile range of the data. After his calculations, he discovered that the tape measure he had used started at the 2-inch mark instead of at the 0-inch mark. All of his measurements were 2 inches greater than the actual lengths of the rooms. How will the values that Trey calculated change? Explain your reasoning.
35.
How is variation used in weather?
• the meaning of the range and interquartile range of temperatures for a city, and • the average highs for your community with the appropriate measures of variation.
36.
What is the range of the following set of data? 53, 57, 62, 48, 45, 65, 40, 42, 55 11 25 53 65
37.
What is the median of the following set of data? 7, 8, 14, 3, 2, 1, 24, 18, 9, 15 8.5 10.1 11.5 23
WRITING IN MATH
38.
Create a histogram to represent the following data. (Lesson 13-3 ) 36, 43, 61, 45, 37, 41, 32, 46, 60, 38, 35, 64, 46, 47, 30, 38, 48, 39 State the dimensions of each matrix. Then identify the position of the circled element in each matrix. 39. If a set of data has outliers, these data points are represented by bullets. The whisker representing the lower data is drawn from the box to the least value that is not an outlier. The whisker representing the upper data is drawn from the box to the greatest value that is not an outlier.
extreme values box-and-whisker plots
Box-and-Whisker Plots
Lesson 13-5 Box-and-Whisker Plots 737
Vocabulary
• box-and-whisker plot • extreme values
• Organize and use data in box-and-whisker plots.
• Organize and use data in parallel box-and-whisker plots.
Reading Math
Box-and-whisker plots are sometimes called box plots.
Study Tip
are box-and-whisker plots used to display data?
Everyone should eat a number of calcium-rich foods each day. Selected foods and the amount of calcium in a serving are listed in the table. To create a box-and-whisker plot of the data, you need to find the quartiles of the data. This information can be displayed on a number line as shown below. a. Draw a box-and-whisker plot for these data.
Step 1 Determine the quartiles and any outliers.
Order the data from least to greatest. Use this list to determine the quartiles.
8. 25, 12.70, 14.03, 16.03, 16.34, 18.15, 18.46, 19.61, 20.43, 22.24, 30 .11
Determine the interquartile range.
IQR ϭ 20.43 Ϫ 14.03 or 6.4
Check to see if there are any outliers.
14.03 Ϫ 1.5(6.4) ϭ 4.43 20.43 ϩ 1.5(6.4) ϭ 30.03
Any numbers less than 4.43 or greater than 30.03 are outliers. The only outlier is 30.11.
Step 2 Draw a number line.
Assign a scale to the number line that includes the extreme values. Above the number line, place bullets to represent the three quartile points, any outliers, the least number that is not an outlier, and the greatest number that is not an outlier.
Step 3 Complete the box-and-whisker plot.
Draw a box to designate the data between the upper and lower quartiles. Draw a vertical line through the point representing the median. Draw a line from the lower quartile to the least value that is not an outlier. Draw a line from the upper quartile to the greatest value that is not an outlier.
b. What does the box-and-whisker plot tell about the data?
Notice that the whisker and the box for the top half of the data is shorter than the whisker and box for the lower half of the data. Therefore, except for the outlier, the upper half of the data are less spread out than the lower half of the data. a. Draw a parallel box-and-whisker plot for the data.
Determine the quartiles and outliers for each city. 53.7, 54.1, 61.7, 64.7, 66.6, 75.1, 79.7, 84.2, 90.1, 92.7, 96.7, 98.6 Q 1 ϭ 63.2 Q 2 ϭ 77.4 Q 3 ϭ 91.4 68.9, 71.7, 72.2, 78.3, 78.4, 84.0, 85.3, 87.8, 90.4, 91.0, 93.3, 93.6 Q 1 ϭ 75.25 Q 2 ϭ 84.65 Q 3 ϭ 90.7
Fresno
Brownsville
Neither city has any outliers.
Draw the box-and-whisker plots using the same number line.
b. Use the parallel box-and-whisker plots to compare the data. 
Concept Check
Guided Practice 1. Describe the data represented by the box-and-whisker plot at the right. Include the extreme values, the quartiles, and any outliers.
2. Explain how to determine the scale of the number line in a box-and-whisker plot.
OPEN ENDED
Write a set of data that could be represented by the box-and-whisker plot at the right.
Draw a box-and-whisker plot for each set of data.
4. 30, 28, 24, 24, 22, 22, 21, 17, 16, 15 Draw a parallel box-and-whisker plot for each pair of data. Compare the data. A: 22, 18, 22, 17, 32, 24, 31, 26, 28 7. A: 8, 15.5, 14, 14, 24, 19, 16.7, 15, 11.4, 16 B: 28, 30, 45, 23, 24, 32, 30, 27, 27 B: 18, 14, 15.8, 9, 12, 16, 20, 16, 13, 15 CHARITY For Exercises 8 and 9, use the information in the table below.
6.
8. Make a box-and-whisker for the data.
9.
Write a brief description of the data distribution. For Exercises 10-13, use the box-and-whisker plot at the right.
10.
What is the range of the data?
11.
12.
What fractional part of the data is less than 90?
What fractional part of the data is greater than 95?
14. 15, 8, 10, 1, 3, 2, 6, 5, 4, 27, 1 15. 20, 2, 12, 5, 4, 16, 17, 7, 6, 16, 5, 0, 5, 30 16. 4, 1, 1, 1, 10, 15, 4, 5, 27, 5, 14, 10, 6, 2, 2, 5, 8 17. 51, 27, 55, 54, 69, 60, 39, 46, 46, 53, 81, 23 18. 15.1, 9.0, 8.5, 5.8, 6.2, 8.5, 10.5, 11.5, 8.8, 7.6 19. 1.3, 1.2, 14, 1.8, 1.6, 5.7, 1.3, 3.7, 3.3, 2, 1.3, 1.3, 7.7, 8.5, 2.2 For Exercises 20-23, use the parallel box-and-whisker plot at the right.
Which set of data contains the least value?
21. Which set of data contains the greatest value?
22. Which set of data has the greatest interquartile range?
23. Which set of data has the greatest range?
Draw a parallel box-and-whisker plot for each pair of data. Compare the data. 
Extra Practice
Lesson 13-5 Box-and-Whisker Plots 741 25. A: 50, 45, 47, 55, 51, 58, 49, 51, 51, 48, 47 B: 40, 41, 48, 39, 41, 41, 38, 37, 35, 37, 45 26. A: 1.5, 3.8, 4.2, 3.5 4.1, 4.4, 4.1, 4.0, 4.0, 3.9 B: 6.8, 4.2, 7.6, 5.5, 12.2, 6.7, 7.1, 4.8 27. A: 4.4, 4.5, 4.6, 4.5, 4.4, 4.4, 4.1, 4.9, 2.9 B: 5.1, 4.9, 4.2, 3.9, 4.5, 4.1, 4.3, 4.5, 5 253, 223, 193, 189, 152, 150, 138, 137, 135, 131, 131, 129, 128, 126, 124, 119, 118, 108, 107, 102, 101, 100, 96, 92, 87, 83, 82, 81, 80, 78, 78, 76, 74, 74, 73, 73, 72, 71, 69, 68, 67, 65, 64, 63, 63, 63, 62, 61, 61, 61 Source: www.internetsoccer.com 36. Draw a box-and-whisker plot for the data.
37.
Create a histogram to represent the data.
38.
Compare and contrast the box-and-whisker plot and the histogram. 
Maintain Your Skills Maintain Your Skills
Mixed Review
39. CRITICAL THINKING Write a set of data that could be represented by the box-and-whisker plot at the right.
40.
How are box-and-whisker plots used to display data?
• Find each sum or difference. 45. ᎏ When data are arranged in order from least to greatest, you can describe the data using percentiles. A is the point below which a given percent of the data lies. For example, 50% of the data falls below the median. So the median is the 50th percentile for the data.
WRITING IN MATH
To determine a percentile, a cumulative frequency table can be used. In a , the frequencies are accumulated for each item.
Collect the Data
A student's score on the SAT is one factor that some colleges consider when selecting applicants. The tables below show the raw scores from a sample math SAT test for 160 juniors in a particular school. For raw scores, the highest possible score is 800 and the lowest is 200.
The data in each table can be displayed in a histogram.
Frequency Histogram Cumulative Frequency Histogram
Analyze the Data 1. Examine the data in the two tables. Explain how the numbers in Column 3 of Table 2 are determined. 
Math SAT Scores
Make a Conjecture
Sometimes colleges are not interested in your raw score. They are interested in the percentile. Your percentile indicates what percent of all test-takers scored just as well or lower than you. Table 2 . Place percentile labels on the vertical axis. For example, write 100% next to 160 and 0% next to 0. Now label 25%, 50%, and 75%. What numbers of students correspond to 25%, 50%, and 75%?
Use the histogram for
5. Suppose a college is interested in students with scores in the 90th percentile. Using the histogram, move up along the vertical axis to the 90th percentile. Then move right on the horizontal axis to find the score. What is an estimate for the score that represents the 90th percentile? 6. For a more accurate answer, use a proportion to find 90% of the total number of students. (Recall that the total number of students is 160.) 7. If a student is to be in the 90th percentile, in what interval will the score lie?
Extend the Activity
For Exercises 8 -10, use the following information. The weights of 45 babies born at a particular hospital during the month of January are shown below.
9 lb 1 oz 8 lb 2 oz 7 lb 2 oz 10 lb 0 oz 4 lb 4 oz 5 lb 0 oz 7 lb 6 oz 7 lb 8 oz 11 lb 2 oz 6 lb 1 oz 3 lb 8 oz 8 lb 0 oz 7 lb 5 oz 9 lb 15 oz 6 lb 1 oz 7 lb 10 oz 6 lb 9 oz 6 lb 15 oz 7 lb 10 oz 8 lb 0 oz 5 lb 15 oz 8 lb 3 oz 8 lb 1 oz 7 lb 12 oz 7 lb 8 oz 7 lb 7 oz 6 lb 14 oz 7 lb 13 oz 8 lb 0 oz 7 lb 14 oz 5 lb 10 oz 8 lb 5 oz 6 lb 12 oz 8 lb 8 oz 7 lb 11 oz 8 lb 15 oz 9 lb 3 oz 5 lb 14 oz 6 lb 8 oz 8 lb 8 oz 7 lb 4 oz 7 lb 10 oz 8 lb 1 oz 7 lb 8 oz 7 lb 10 oz 8. Make a cumulative frequency table for the data. 9. Make a cumulative frequency histogram for the data. 10. Find the weight for a baby in the 80th percentile. 
0%
Algebra Activity Algebra Activity 
Vocabulary and Concept Check Vocabulary and Concept Check
See pages 708-713.
13-1
13-1 Sampling and Bias
Concept Summary
• Samples are used to represent a larger group called a population.
• Simple random sample, stratified random sample, and systematic random sample are types of unbiased, or random, samples.
• Convenience sample and voluntary response sample are types of biased samples. 
GOVERNMENT
Introduction to Matrices
Concept Summary
• A matrix can be used to organize data and make data analysis more convenient.
• Equal matrices must have the same dimensions and corresponding elements are equal.
• Matrices with the same dimensions can be added or subtracted.
• Each element of a matrix can be multiplied by a number called a scalar. 
If
Earth
Mars
Record your answers on the answer sheet provided by your teacher or on a sheet of paper.
11. Factor x 3 ϩ 8x 2 ϩ 16x. (Lesson 9-3) 12. Solve 6x 2 ϩ x Ϫ 2 ϭ 0 by factoring. 
14.
Maren can do a job in 4 hours. Juliana can do the same job in 6 hours. Suppose Juliana works on the job for 2 hours and then is joined by Maren. Find the number of hours it will take both working together to finish the job. 15. The map below shows train tracks cutting across a grid of city streets. Newton Street is 1.5 miles apart from Olive Street, Olive Street is 1.5 miles apart from Pine Street, and the three streets are parallel to each other. If the distance between points A and B is 5 miles, then what is the distance in miles between points B and C? Compare the quantity in Column A and the quantity in Column B. Then determine whether:
the quantity in Column A is greater, the quantity in Column B is greater, the two quantities are equal, or the relationship cannot be determined from the information given.
16.
(Lesson 4-7)
17. 18. Record your answers on a sheet of paper. Show your work.
19. Construct a histogram for the following data. Use intervals of [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [60] [61] [62] [63] [64] [65] [66] [67] [68] [69] [70] [70] [71] [72] [73] [74] [75] [76] [77] [78] [79] [80] [80] [81] [82] [83] [84] [85] [86] [87] [88] [89] [90] [90] [91] [92] [93] [94] [95] [96] [97] [98] [99] [100] 45, 62, 78, 84, 63, 73, 68, 91, 65, 80, 71, 87, 85, 77, 78, 80, 83, 87, 90, 91 20. In Exercise 19, what percent of the data lies within the tallest bar? 21. Draw a box-and-whisker plot of the following test scores. 24, 38, 47, 22, 40, 36, 25, 48, 30, 32, 45, 41, 34, 39, 40, 47, 40, 38, 42, 49 , 45 
